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Afferent Respiratory Pathways in the Avian Vagus 

Affe ren t  v a g a l  p a t h w a y s  f rom s t r e t c h  r ecep to r s  in  t h e  
lungs  are  genera l ly  be l ieved  to  mod i fy  t he  a v i a n  r e s p i r a t o r y  
cycle in  t h e  m a n n e r  of t h e  m a m m a l i a n  H e r i n g - B r e u e r  
ref lexes  a. On  t he  o t h e r  h a n d ,  i t  h a s  also been  a rgued  t h a t  
t h e  a v i a n  lung  is ' r e l a t i ve ly  n o n - e x p a n s i v e '  so t h a t  such  
recep to r s  could  scarcely  be  a c t i v a t e d  ~. In  t he  absence  of 
d i r ec t  e x p e r i m e n t a l  ev idence  of a f f e r e n t  n e r v o u s  a c t i v i t y  
in  t h e  a v i a n  vagus ,  t h i s  p r o b l e m  h a s  h i t h e r t o  r e m a i n e d  
unreso lved .  

W e  h a v e  now recorded  single u n i t  d i scharges  in t h e  
p e r i p h e r a l  s t u m p  of t h e  mid -ce rv ica l  v a g u s  in 13 b i rd s  
(Gallus gaUus domesticus) b e t w e e n  6 a n d  15 weeks of age, 
he ld  in t he  e rec t  pos i t ion  u n d e r  i.v. u r e t h a n e  anaes thes i a .  
The  u n i t s  were  p r e p a r e d  a n d  recorded  b y  s t a n d a r d  t ech-  
n iques  3. 88 u n i t s  h a v e  been  recorded  which  showed  c lear  
a n d  c o n s i s t e n t  a c t i v i t y  in  p h a s e  w i t h  some s tages  of t h e  
eupnoe ic  r e s p i r a t o r y  cycle.  

T h e  r e s p i r a t o r y  cycle i tself  was  recorded  osci l lographic-  
a l ly  v ia  a p ressure  t r an sduce r ,  in  t he  fo rm of e i t h e r  i n t r a -  
t r a c h e a l  pressure ,  or i n t r a r e c t a l  pressure ,  or  a b d o m i n a l  
v o l u m e  changes  r eco rded  f rom a s t e t h o g r a p h  p l aced  im-  
m e d i a t e l y  c a u d a l  to  t h e  s t e r n u m .  These  3 t e c h n i q u e s  h a v e  

c luded  s ince t he se  give t h e  s imp le s t  p i c t u r e  of t h e  in-  
s p i r a t o r y  a n d  e x p i r a t o r y  s tages  of t h e  cycle. 

Some  u n i t s  f i red d u r i n g  in sp i r a t ion  b u t  s t o p p e d  a t  t h e  
p e a k  of i n s p i r a t i o n  as in  (A), whi le  a few fired t h r o u g h o u t  
t h e  p e a k  only.  U n i t s  wh ich  a p p e a r e d  to fire d u r i n g  t h e  
e x p i r a t o r y  p a u s e  h a v e  been  found  occas iona l ly  (B), a n d  
t h e r e  seems  to  be a n o t h e r  t y p e  which  fires d u r i n g  exp i r a -  
t i on  (C). Severa l  i n t e r m e d i a t e  t y p e s  h a v e  also been  re- 
corded,  such  as  t h e  u n i t  in  (D) wh ich  f i red q u i t e  r a p i d l y  
d u r i n g  i n s p i r a t i o n  a n d  c o n t i n u e d  a t  a s lower  r a t e  d u r i n g  
t h e  onse t  of exp i r a t i on .  

W e  bel ieve  these  r e s p i r a t o r y  a f f e r en t  d i scharges  in  t h e  
v a g u s  to  be  t h e  f i rs t  d i r ec t  ev idence  in t h e  b i rd  of an  
a f f e r en t  neu ra l  a c t i v i t y  c a p a b l e  of c o n t i n u o u s l y  i n f o r m i n g  
t h e  c e n t r a l  n e r v o u s  s y s t e m  of t h e  s t a t e  of t h e  r e s p i r a t o r y  
cycle.  So fa r  we seem to  h a v e  f o u n d  a g r ea t e r  v a r i e t y  of 
a f f e r en t  a c t i v i t y  in p h a s e  w i th  e u p n o e a  t h a n  in m a m m a l s ,  
a n d  t h i s  h a s  m a d e  i t  d i f f icul t  t o  c o m p a r e  o u r  a v i a n  a f f e r e n t  
un i t s  w i t h  t h e  m a m m a l i a n  r e s p i r a t o r y  a f f e ren t s  l i s ted  b y  
PAINTAL 4. 

F u r t h e r  work  is in  p rogress  to  ch a r ac t e r i z e  these  a v i a n  
r e s p i r a t o r y  a f f e r en t  un i t s  more  precise ly  6. 
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In A, B, C and D the upper trace shows 
eupnoeic breathing and the lower trace shows 
a respiratory unit in the peripheral stump of 
the right vagus of G. domesticus. The left vagus 
was intact. In the upper trace inspiration is 
upward, recorded by a pressure transducer 
and abdominal stethograph. The unit in (A) 
fired during inspiration but stopped at the 
peak. The unit in (C) fired during expiration, 
while that in {B) fired during the expiratory 
pause. The unit in {D) fired quite rapidly 
during inspiration and continued at a slower 
rate during the onset of expiration. 

disclosed dif f icul t ies  in  i den t i f y ing  t he  exac t  t i m i n g  of t h e  
d i f fe ren t  s tages  of t h e  a v i a n  r e s p i r a t o r y  cycle, pe r fec t  
prec is ion  be ing  essent ia l  for a ccu ra t e  ana lys i s  of t h e  vaga l  
r e s p i r a t o r y  uni t s .  I n  o rder  to  r educe  er rors  f rom th i s  
source,  e ach  of t h e  las t  50 of t he se  un i t s  was  r eco rded  
a longs ide  f i rs t  t h e  s t e t h o g r a p h i c  pressure  a n d  t h e n  t h e  
r ec t a l  pressure .  E x a m p l e s  of t he se  un i t s  are  s h o w n  in  t h e  
Figure ,  b u t  on ly  s t e t h o g r a p h i c  r ecord ings  h a v e  b e e n  in-  
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Rdsumd. Nous  a v o n s  enregis t r6  88 aff6rences  respi ra-  
to i res  du  ner f  v a g u e  chez  le poule t .  Que lques  unes  se d6- 
c l e n c h a i e n t  a n  cours  de  l ' i n s p i r a t i o n  eupn6ique ,  d ' a u t r e s  
au  cours  de l ' exp i r a t i on .  J u s q u ' ~  p r6sen t ,  on  a l ' impre s s i o n  
qu ' i l  ex is te  p lus  de  t y p e s  d ' a c t i v i t 6  a f f6 ren te  r e sp i r a to i r e  
chez  l 'o iseau que  chez  le mammif~re ,  ma i s  de  nouve l les  
ana lyses  s e r o n t  n6cessai res  p o u r  m i e u x  les pr6ciser.  Nous  
c royons  que  c ' e s t  ici la p r e m i e r e  p r e u v e  6v iden te  de 
l ' ex i s t ence  d ' u n  contr61e a f f6 ren t  v a g a l  de la  r e sp i r a t i on  
chez  l 'o iseau.  
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A n  Electron Microscopy Study of Fat Uptake by Endothelial C e l l s  o f  Doubly-Ligated Carotid Artery 
Segments  

Ear l i e r  l i gh t  microscopic  s tud ies  b y  FRIEDMAN et  al. 1 
d e m o n s t r a t e d  large a c c u m u l a t i o n s  of l ip id  in  t h e  fo rm of 
d rop le t s  w i t h i n  t h e  endo the l i a l  cells of t h e  doub ly - l i ga t ed  
r a b b i t  ca ro t id  a r t e ry ,  in to  whose  l u m e n  h a d  been  in j ec t ed  
suspens ions  of r a t  t ho rac i c  l y m p h  chy lomic rons .  W e  fel t  
t h a t  a s imi la r  s t u d y  w i t h  t h i s  mode l  sys tem,  in  w h i c h  fa t  
in j ec t ions  in to  t h e  vessel  l u m e n  s i m u l a t e d  h y p e r l i p e m i a  
whi le  doub le - l iga t ion  i nduced  hypox ia ,  b u t  us ing  t h e  
e lec t ron  microscope,  m i g h t  give a d d i t i o n a l  i n f o r m a t i o n  on  
t he  ques t ion  of l ipid u p t a k e  a n d  t r a n s p o r t  in to  a n d  across  
t he  endo the l i a l  l in ing  of a r te r ies  u n d e r  n o r m a l  a n d  h y p o x i c  
condi t ions ,  a p r o b l e m  poss ib ly  r e l a t ed  to  t h e  p a t h o g e n e s i s  
of a theroscleros is .  

T h e  r i g h t  e x t e r n a l  ca ro t id  a r t e r y  of e t h e r  a n a e s t h e t i z e d  
r a b b i t s  was  doub ly - l i ga t ed  a n d  t he  l u m e n  of t he  l iga ted  
s e g m e n t  filled w i t h  a suspens ion  of t h e  ar t i f ic ia l  f a t  emul -  
s ion i n t r a l i p i d  (20%, V i t r u m ,  S tockho lm)  us ing  a f ine 
h y p o d e r m i c  needle.  Af te r  3 days  a n i m a l s  were sacr i f iced 
a n d  t he  l iga ted  s e g m e n t  r e m o v e d  a n d  p r e p a r e d  for e lec t ron  
microscopy.  

No i n t i m a l  t h i c k e n i n g  was obse rved  3 days  fol lowing 
double - l iga t ion .  The  c o n d i t i o n  of t h e  l iga ted  s e g m e n t ' s  
endo the l i a l  l in ing  va r i ed  f rom e x p e r i m e n t  to  e x p e r i m e n t .  
Some  a reas  were  necro t ic  a n d  even  d e n u d e d  whi le  o the r s  
were qu i t e  i n t ac t .  The  l a t t e r  p r o b a b l y  occur red  a r o u n d  
a reas  in  w h i c h  deeper  p e n e t r a t i o n  of v a s a  v a s o r u m  in to  
t h e  i n n e r  m e d i a  of t he  occ luded  s e g m e n t  h a d  c o m m e n c e d  
e n a b l i n g  o x y g e n  to  diffuse to  t he  l ining.  These  i n t a c t  a reas  
were  i n v e s t i g a t e d  s ince we were  m a i n l y  i n t e r e s t e d  in t h e  
effects  of h y p e r l i p e m i a  a n d  h y p o x i a  r a t h e r  t h a n  a n o x i a  on  
t he  a r t e r i a l  endo the l i a .  As is i l l u s t r a t e d  in t h e  mic rog raph ,  
t h e  l u m e n  is filled w i t h  t h e  round ,  g r e y - t o n e d  in t r a l i p id  
par t ic les .  Some are  seen pass ing  in to  a gap  b e t w e e n  t h e  
endo the l i a l  cell i l l u s t r a t ed  a n d  a necro t ic  n e i g h b o u r  on  t h e  
left.  S t r i k ing  is t he  h igh  e l ec t ron -dens i t y  of t h e  l ip id  
d rop le t s  found  in all  endo the l i a l  cells obse rved .  Such  
mass ive  a c c u m u l a t i o n  of i n t r a c e l l u l a r  l ip id  d rop le t s  was  
n o t  found  in p r ev ious  s tud ies  * no r  in ou r  controls .  No 
ev idence  for  t he  m e c h a n i s m  of l ip id  u p t a k e  i n to  t h e  endo-  
the l i a l  cells could  be  found  such  as v ia  p i n o c y t o t i c  vesicles, 
a l t h o u g h  t h e  i n t r a l i p id  spheres  o f t en  fo rmed  smal le r  
pa r t i c les  w h e n  in c o n t a c t  w i t h  t h e  endo the l i a l  surface.  
T h e y  m i g h t  t h e n  be  more  easi ly a t t a c k e d  b y  l ipases  a n d  
t r a n s p o r t e d  in to  t h e  cell i n t e r io r  in  t h e  fo rm of smal le r  
me tabo l i t e s .  The  increase  in e l ec t ron -dens i t y  of t he  i n t r a -  
ce l lu lar  d rop le t s  r e l a t i ve  to  t h e  i n t r a l i p id  pa r t i c les  m i g h t  
be  due  to  a m e t a b o l i c  t r a n s f o r m a t i o n  of t he  i n t r ace l lu l a r  
l ip id  to  a more  u n s a t u r a t e d  a n d  hence  more  e lec t ron-dense  
(osmiophil ic)  form.  Th i s  would  a p p e a r  more  l ikely t h a n  a 
p r e f e r en t i a l  u p t a k e  of phosphol ip ids ,  found  on  t h e  surface  
of t h e  i n t r a l i p id  par t ic les  3 a n d  f u n c t i o n i n g  as a n  emuls i f ie r  
for  t h e  h y d r o p h o b i c  t r ig lycer ide  core. T h e  phospho l ip id s  
would  p r o b a b l y  fo rm m y e l i n  f igures  in t r ace l lu l a r ly  r a t h e r  

t h a n  t h e  d a r k  di f fuse  d rop le t s  seen in  these  ex p e r i men t s .  
W h y  t h e  e l ec t ron -dense  r i m  of t h e  i n t r a l i p id  pa r t i c les  is 
seen in  v i t r o  3 b u t  n o t  in  vivo,  as in  t h i s  a n d  o t h e r  s tud ies  4, 
r e m a i n s  unclear .  

Electron micrograph: endothelial lining of the rabbit carotid artery 
3 days following double ligation and intralipid injection. Note light 
lipid droplets (li) in lumen (L), and dark lipid droplets (x) in endo- 
thelial cells (E). 

Zusammenfassung. Die E n d o t h e l s c h i c h t  v o n  d o p p e l t  
u n t e r b u n d e n e n  A b s c h n i t t e n  der  A. ca ro t i s  des  K a n i n c h e n s  
wi rd  3 Tage  n a c h  de r  U n t e r b i n d u n g  u n d  I n j e k t i o n  y o n  
I n t r a l i p i d  (k i ins t l iche  F e t t - E m u l s i o n )  in  das  L u m e n  elek- 
t r o n e n m i k r o s k o p i s c h  u n t e r s u c h t .  Die  k i ins t l i che  H y p e r -  
lip/~mie z u s a m m e n  m i t  H y p o x i e  e rzeugte  eine s t a r k e  Auf-  
n a h m e  v o n  F e t t  in  F o r m  y o n  in t r aze l lu l~ ren  Tr6pfchen ,  
die viel  e l e k t r o n e n d i c h t e r  w a r e n  als die u r sp r i ing l i chen  
I n t r a l i p i d - P a r t i k e l .  E i n  mo rp h o l o g i s ch e r  H inwe i s  au f  d en  
M e c h a n i s m u s  de r  F e t t a u f n a h m e  wurde  n i c h t  ge funden .  
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